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Sarah Ratzel1 and Sara B. Cullinan2Refining Repair Mechanisms Leading to Absence
of Heterozygosity
Carvalho et al., page 555
Absence of heterozygosity (AOH) is the loss of a parental
allele and is suspected to be the result of uniparental disomy
(UPD) through gene conversion or the repair of double-
stranded breaks. Resolution of a complex rearrangement
requires repair mechanisms, suggesting that these rear-
rangements might be ideal locations in which to search
for regions of AOH and to evaluate the underlying repair
mechanisms leading to AOH. In this issue, Carvalho et al.
used high-resolution microarrays and breakpoint-junction
sequencing to investigate triplications with segmental
AOH in five families. Notably, the rearrangement in each
individual was similar in structure to the others: a type II
triplication with equal allele dosage. These shared features
hinted that a similar genetic mechanism might bring
about their formation. Sequencing data were consistent
with a mechanism called microhomology-mediated
break-induced replication, in which regional UPD results
from template switches between homologs, rather than sis-
ter chromatids, to prime the DNA-replication machinery.
Intriguingly, this mechanism is not entirely consistent
with the mechanism proposed to be involved with similar
triplications on the X chromosome, suggesting that differ-
ences between autosomes and the X chromosome might
direct which repair mechanisms are most frequently used
given the genomic architecture of the region.Semaphorin Variants Contribute to Hirschsprung
Disease
Jiang et al., page 581
One of the defining characteristics of Hirschsprung disease
(HSCR) is the compromised function of the enteric nervous
system (ENS) in the gastrointestinal tract. Additionally,
HSCR is a complex disorder in which disease risk is thought
to be conferred by the accumulated effect of multiple vari-
ants, including mutations in RET. In this study, Jiang et al.
used a genome-wide association approach to identify vari-
ants associated with HSCR within the class 3 semaphorin
gene cluster. To determine whether these genes have a role
in gut innervation, the authors confirmed SEMA3C and
SEMA3D expression in the human and mouse digestive
systems. Zebrafish knockdown experiments suggested that1Scientific Editor, AJHG; 2Deputy Editor, AJHG
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The Amsema3c and sema3d are important for neuronal migration
into the gut. Moreover, when both ret and sema3d were
lost in zebrafish, gut innervationwas eliminated, suggesting
that SEMA3D might be the best candidate to explain the
HSCR phenotypes. This result mirrors resequencing data
that revealed that some individuals with rare SEMA3 vari-
ants also carry a variant in RET. Although the mechanism
of SEMA3C and SEMA3D action in the ENS is unknown,
the semaphorinshavebeen implicated inpatterningdefects
and neural migration in several tissues and require interac-
tion with receptors, including the plexins and neuropilins,
to produce an effect. As the authors suggest, it will be inter-
esting to see whether variants in these genes might also
explain some of the phenotypes or risk of HRSC.Genomic Insights into Esophageal Tumors
Zhang et al., page 597
Esophageal squamous cell carcinoma (ESCC) is one of the
more common, and lethal, cancers. Although some risk
factors are known, many questions remain regarding the
underlying genetic changes and mutational processes that
underlie ESCC. Now, by combining whole-genome and
whole-exome sequencing data fromnearly 200 individuals,
Zhang et al. have identified a common APOBEC-mediated
signature for ESCC. The APOBEC family of proteins, best
known for their role in RNA editing, can also cause muta-
tions to DNA via their deaminase activity. Tumors with
the APOBEC signature were more likely to harbor muta-
tions in PIK3CA, a well-described human oncogene. The
authors also present their findings related to copy-number
changes in ESCC, along with a survey of mutational hot-
spots. Interestingly, and in contrast to what is known about
lungcancer, smoking appeared tohave little effect onESCC.
Altogether, the authors present a detailed study of the
genomic changes that are characteristic of ESCC. These
findings should pave the way for a variety of experiments
aimedat in-depthexplorationsof the alteredmolecular pro-
cesses present in ESCC tumors with the ultimate goal of
improving treatment options for affected individuals.The DVL Is in the Details
White et al., page 612; Bunn et al., page 623
Robinow syndrome (RS), originally described as a dwarfing
syndrome, is now known to encompass a spectrum ofy of Human Genetics. All rights reserved.
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phenotypes and most likely a variety of genetic causes.
Heterozygous mutations in WNT5A are known to cause
the autosomal-dominant form of the disease, and bi-allelic
mutations in ROR2, which encodes a putative Wnt-5a
receptor, have been found in individuals with autosomal-
recessive RS. In this issue, White et al. and Bunn et al.
describe de novo DVL1mutations that cause RS, providing
further support for a central role of Wnt signaling dysfunc-
tion in the etiology of this disorder. Each of the mutations
leads to a frameshift that creates a novel, highly basic,
C-terminal sequence that eliminates known sites for ubiq-
uitylation and phosphorylation.DVL1 encodes a homolog
of the fly protein Dishevelled, a key effector of both canon-
ical and non-canonical Wnt signaling pathways; addi-
tional work will be needed to define the exact mechanism
by which this C-terminal extension exerts its pathogenic
effect. Interestingly, Dvl1-knockout mice display a mild
phenotype including a lack of whisker grooming and
poor building. The findings from White et al. and Bunn
et al. should open the door for future experiments aimed
at better understanding the role of DVL1 in mammalian
development—a mouse knockin model would be a very
interesting place to begin.Tolerating Chromothripsis
de Pagter et al., page 651
Chromothripsis is a recently described phenomenon
in which many complex chromosomal rearrangements516 The American Journal of Human Genetics 96, 515–516, April 2, 2occur in a single event. Although it has been observed
in association with cancer and severe congenital abnor-
malities, the extent and frequency of chromothripsis in
healthy individuals is not well described. In this study,
de Pagter et al. evaluated three families in whom chromo-
thripsis rearrangements were transmitted from phenotyp-
ically normal mothers to children affected by develop-
mental disorders. In these mothers, the rearrangements
appeared to be balanced, and breakpoints disrupted
several protein-coding genes and appeared to be associ-
ated with increased miscarriage. Some of these unusual,
complex rearrangements were inherited by the affected
children but were accompanied by additional de novo
copy-number changes. The chromothripsis failed to pro-
duce dramatic phenotypic consequences in the mothers
and only resulted in the associated developmental delay
when additional copy-number variations were present
in the affected children, suggesting that these dosage
changes, rather than the chromothripsis, might underlie
the developmental delay. Together, these results suggest
that the genome is more tolerant of these complex rear-
rangements than previously appreciated. As sequencing
approaches are refined and complex rearrangements,
especially balanced rearrangements such as those identi-
fied in this study, can be better characterized, it will be
interesting to see whether large-scale studies support the
observation that chromothripsis is more common than
previously thought in the general population and catalog
the extent of rearrangement that the human genome can
tolerate.015
